BACkGRouND: Adherence to published coronary artery disease (CAD) guidelines is suboptimal, particularly among minorities and the poor. While hospital-based quality-improvement programs may increase the use of evidence-based therapies, little data exist regarding the impact of such programs in sociodemographically disadvantaged (vulnerable) populations. Vulnerable patients in the united States are cared for primarily within the safety-net health system, which comprises urban public hospitals and outpatient community health centers. Denver Health is an example of an integrated system that encompasses both types of facilities.
C oronary artery disease (CAD) is the leading cause of morbidity and mortality in the United States, with annual costs exceeding $160 billion. 1 Effective pharmacologic interventions to attenuate atherosclerotic risk have been identified, including angiotensin-converting enzyme inhibitors (ACEIs), aspirin, statins, and beta-blockers. All 4 drugs are recommended in the American College of Cardiology and American Heart Association (ACC/AHA) guidelines. 2 The AHA's Get With The Guidelines (GWTG) program is a hospital-based initiative that promotes incorporation of the ACC/ AHA secondary prevention guidelines into national CAD care delivery. 3 A major focus is appropriate pharmacologic treatment during hospitalization, since many patients are inadequately treated despite widespread guideline dissemination. The AHA GWTG program defines appropriate treatment based on eligible CAD patients receiving ACEIs, beta-blockers, hydroxymethylglutaryl (HMG) coenzyme A reductase inhibitors (statins), and aspirin.
Despite the fact that these medications are recommended in evidence-based guidelines, 2 a substantial treatment gap remains, particularly among minorities and the poor. [4] [5] [6] The mission of Denver Health is to care for poor and uninsured people, but it also provides a broad spectrum of care, including trauma and emergency (911) services, to all citizens in the Denver metro area. In 2000, we instituted a multidisciplinary program at our safety-net institution to enhance care for hospitalized patients
What is already known about this subject
• Despite strong scientific evidence and national guidelines, patients with CAD are undertreated with evidence-based drugs.
• The American Heart Association' s Get With The Guidelines program is an inpatient quality-improvement initiative; its successful implementation in safety-net hospitals has not been well characterized.
What this study adds
• Our study suggests that a multidisciplinary team intervention improves CAD process of care in a vulnerable patient population.
• To our knowledge, this is the first Get With The Guidelines study to use a composite 4-drug measure of quality, and it reinforces the need to provide comprehensive pharmacologic care to CAD patients.
with CAD. We piloted this program for 1 year but were able only to demonstrate significant improvements in ACEI and statin use, not in aspirin or beta-blocker use. 7 We therefore evaluated the program over a longer period (4.5 years). Specifically, we assessed whether compliance with all 4 guideline-based medication classes had increased. The Joint Commission (previously known as the Joint Commission on Accreditation of Healthcare Organizations) continues to emphasize isolated medication core measures but has begun to shift its focus toward more comprehensive care. The 5 Million Lives Campaign suggested that hospitals aspire to "perfect care" across 7 treatment domains, 6 of which are medication related. 8 Given recent data suggesting an additive mortality reduction when all 4 drugs are used for hospitalized CAD patients, 9 we sought to assess compliance with this more comprehensive quality-of-care measure after patients were discharged.
nn Methods Patients and Setting
The Colorado Multiple Institutional Review Board approved the study. The patient population consisted of patients with angiographically documented CAD who were admitted to the cardiology service at Denver Health between July 1998 and December 2002. Denver Health is a member of the National Association of Public Hospitals and Health Systems. It is organizationally unique since it integrates both inpatient and outpatient community health services and maintains an academic affiliation with the University of Colorado. 6 Denver Health is a safety-net hospital with 406 staffed beds and serves a population that includes a high proportion of minorities and many financially disadvantaged patients. Our hospital actively screens hospitalized patients for enrollment in an indigent care program, which provides discounted prescription drug benefits to all financially disadvantaged patients who do not qualify for Medicare or Medicaid. At the time of the study, Denver Health provided nearly one third of the uncompensated care for indigent patients in Colorado and was one of the first medical centers in the state to adopt the GWTG program.
Intervention
Beginning in August 2000, we assembled a multidisciplinary GWTG hospital team, including a physician champion, a clinical pharmacist, and a dedicated nurse manager who directly participated in daily Coronary Care Unit (CCU) teaching rounds with cardiology attending staff and resident physicians. Each month, new resident physicians were oriented by the nurse manager, who emphasized the importance of prescribing the 4 classes of evidence-based medications (aspirin, beta-blockers, statins, and ACEIs) to all CAD patients unless their use was contraindicated. 7 Mandated treatment algorithms or printed orders were not used; however, a sticker reminding staff of the importance of the 4 guideline-based drugs was placed on all patients' charts. Although prescribing decisions were left to the discretion of the responsible physicians, during CCU rounds, the nurse manager was encouraged to highlight patients who were not receiving target medications. The clinical pharmacist also alerted resident physicians by pager about similar oversights when the pharmacist was reviewing medication orders.
The nurse manager provided educational materials and individual counseling to CAD patients. The encounter was documented in the medical record. Counseling focused on smoking cessation, activity recommendations, dietary suggestions (e.g., minimizing intake of saturated fat and cholesterol), and medication teaching. Medication teaching principally focused on the need for long-term medication adherence to reduce the risk of future MI and, if needed, for navigating our medication assistance program. The hospital team participated in semiannual GWTG workshops and monthly teleconferences to identify barriers to providing optimal care.
Data Abstraction and Definitions
Patient data were stored using an Internet-based patient management tool designed specifically for AHA GWTG participating hospitals. The electronic medical record was reviewed to confirm clinical, demographic, and outcome data for all CAD patients. The chart abstraction process focused on the provision of evidence-based cardiovascular drugs recommended by the GWTG program (aspirin, betablockers, statins, and ACEIs) and determining eligibility (lack of documented drug contraindication). Initiation of the target drugs, as well as of documented educational counseling, during hospitalization was ascertained. We required the drug to be explicitly written in the discharge orders and therapeutic lifestyle counseling to be clearly recorded in the progress record. Clinical comorbidities and sociodemographic characteristics of the patients were also assessed. Acute MI was defined according to the revised Joint European Society of Cardiology/ACC consensus document. 10 Patients were included for analysis only if they had angiographically significant CAD, defined as a >50% diameter obstruction of a major epicardial coronary artery.
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Statistical Analysis
Medication treatment rates were compared temporally as the proportion of eligible patients receiving a guideline-based drug at hospital discharge. We calculated the proportion of eligible patients prescribed each drug as well as the proportion receiving all 4 drugs each year. If any one drug was absent, the composite criterion was considered unmet. Hospitalizations between 1998 and 1999 were randomly selected and served as historical controls and were compared with patients discharged after the program started in 2000. 59 [12] 58 [11] 59 [14] 59 [12] Body mass index † 29 [5] 28 [6] 29 [8] 28 [6] 29 [5] 0.25 Diastolic BP (mm Hg) 67 [13] 68 [12] 68 [15] 64 [13] 67 [12] 0.08
Systolic BP (mm Hg) 121 [19] 122 [17] 119 [20] 122 [18] 121 [19] Continuously distributed variables were summarized using means and standard deviations. Means across years were then compared using analysis-of-variance models. Categorical variables were summarized as proportions, and 95% confidence intervals (CIs) were calculated for the principal outcome variables (individual and composite drug use). Proportions were compared using chi-square tests. A Cochran Armitage test was conducted to determine if the proportion of patients treated Clinical Characteristics* with all 4 drugs as well as the individual component medications increased over time. All tests were 2-sided and conducted at the 5% level of statistical significance. Statistical analyses were performed using SAS version 8.0 (SAS Institute, Cary, NC).
nn Results
Sociodemographic characteristics reflected a vulnerable population and are listed in Table 1 . The overall mean age was 59 + 12 years, and 59% (296 of 499) of patients were Latino or African American. Nearly half of the patients (49%, 244 of 499) were uninsured, and 53% of the overall population did not complete high school. In addition, tobacco, alcohol, and illicit drug use were common in this population. Overall, the distribution of sociodemographic characteristics did not differ across time. Clinical comorbidities are depicted in Table 2 and were similar across all time periods, except for a history of chronic obstructive pulmonary disease, which was lower in 2000 and 2002. Hypertension and diabetes mellitus were prevalent, and acute MI was documented on admission in one third of the total cohort.
Overall, we observed progressive improvement in guideline-based drug therapy over the duration of the study period (Figure 1 ). Exact proportions with 95% CIs are depicted for each drug class in Table 3 , and demonstrate that a significant increase in use of all 4 guideline-based drugs was observed over time (P <0.001). By the end of the observation period (2002), absolute increases from baseline were 6% for aspirin (87% to 93%), 17% for beta-blockers (73% to 90%), 35% for statins (51% to 86%), and 42% for ACEIs (49% to 91%). Overall, use of each individual drug class approached or exceeded 90% in 2002, and the composite use of all 4 medication classes was 72% compared with 18% among the historical control group before the intervention. Additionally, there were significant increases in smoking cessation, lifestyle, and dietary counseling, and referral for cardiac rehabilitation (Table 4) .
nn Discussion
We observed significant temporal improvements in guidelinebased care among patients with angiographically proven CAD at a public safety-net hospital. To our knowledge, this is the first analysis of the AHA GWTG program to consider composite therapy with a 4-drug regimen as a potential core measure for overall CAD quality of care. We noted a >50% absolute improvement in this more comprehensive quality measure from baseline, simply by instituting a noncoercive intervention based on the AHA GWTG program. Overall, prescription rates at discharge in our population exceeded contemporary adherence in less vulnerable CAD populations over an identical timeframe. 4, 5 Among Medicare beneficiaries suffering acute MI, absolute increases during a similar timeframe (1998-2001) were only 3%, 4%, and 7% for aspirin, ACEIs, and beta-blockers, respectively. 12 By contrast, we observed much larger absolute increases in these medications (6%, 42%, and 17%) in the present study, even though only one third of our cohort met the criteria for acute MI.
Successful implementation of this program at our institution does not by itself make the case for using a composite measure of 4 evidence-based drugs. Nonetheless, comprehensive drug therapy in CAD appears warranted, given recent data demonstrating improvement in outcomes after initiation in the hospital of all 4 drug categories. In one retrospective analysis of acute coronary syndrome (ACS) patients, providing ACEIs, beta-blockers, cholesterol-reducing agents, and aspirin led to an adjusted relative event-rate reduction of 90%. 9 A recent analysis of 31,750 CAD patients noted that adherence to aspirin, betablockers, and lipid-lowering drugs was associated with reduced mortality. 13 The study assessed longer-term drug adherence, which is likely to be lower than use at discharge as measured in our study. However, it is noteworthy that use of a composite of these 3 drugs was only 39% at the end of the study period (2002), less than half the observed use rate in our study (72%) during the same year, despite a more comprehensive 4-drug composite measure.
Our postintervention utilization rates mirror data from the Comprehensive Hospital Atherosclerosis Management Program, in which increased use of all 4 drug classes led to a 50% reduction in event rates 1 year after the intervention.
14 A retrospective analysis of 5,477 acute MI patients on background aspirin and ACEI therapy found that only a third of MI patients received ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker. Comprehensive Coronary Artery Disease Care in a Safety-Net Hospital: Results of Get With The Guidelines Quality Improvement Initiative beta-blockers or statins before hospital discharge. 15 Despite this treatment gap, the 1-year cardiovascular death rate was 50% lower among patients receiving both agents even after adjustment for baseline risk variables.
Temporal Changes in Coronary Artery Disease Medication Utilization
Improvements in outcomes appear to be mediated in large part through increased adherence when therapies are initiated in the hospital setting. Initiating evidence-based medications in the hospital reinforces to patients the importance of these therapies while allowing physicians to monitor for adverse drug effects. This practice serves as the conceptual basis for both the AHA GWTG program 16 and the ACC' s Guidelines Applied in Practice (GAP) initiative. 17 Improved compliance is exemplified in a study of 10,288 ACS patients. Among patients who received lipid-lowering drugs while in the hospital, 88% were in compliance 10 months later compared with 34% of patients who were not discharged on lipid-lowering therapy. 18 Initiating beta-blockers and ACEIs while patients are in the hospital is well known to reduce short-term ischemic complications in ACS patients. 2 Recent observational data suggest that similar benefits may be obtained by initiating statins early in the hospitalization, 19 even though statins are traditionally thought of as providing only long-term cardioprotection. In addition, greater benefits have been noted in ACS patients achieving more stringent low-density lipoprotein cholesterol (LDL-C) target levels (62 mg/dL) compared with traditional target levels (95 mg/dL). 20 Furthermore, statin initiation within the first 24 hours of ACS presentation has been shown to reduce the incidence of adverse cardiac events. 21 These data taken together suggest that statins may possess ancillary plaque-stabilizing properties and support early initiation of statins in ACS patients regardless of their LDL-C level, which may be transiently depressed In-Hospital Risk-Factor Intervention Counseling* during an ACS. 22 Most important, a strategy of drug initiation for inpatients eliminates the barriers inherent in traditional stepwise approaches to care, which foster inertia 23 and ultimately result in missed opportunities to improve outcomes.
These hospital-based data are aligned with an outpatient secondary prevention movement toward comprehensive drug therapy-the so-called "poly-pill" approach. A recent epidemiologic analysis concluded that a comprehensive pharmacologic approach to post-MI patients would reduce CAD mortality by 93% over 5 years, translating into a number needed to treat of only 16 patients. 24 The authors note that the addition of therapeutic lifestyle changes would further enhance the effectiveness of drug therapy. While all of these nonrandomized studies have inherent limitations, their consistent results support a more comprehensive pharmacologic approach to CAD care.
Limitations First, the current study is retrospective without a contemporaneous control group, which raises the possibility that factors other than our intervention program may be responsible for the observed improvement in care. Important confounding factors include publication of new trials 25 and greater awareness of treatment guidelines, both of which are inseparable from our intervention. Specifically, our intervention corresponded with publication of the Heart Outcomes Prevention Evaluation trial, 26 which demonstrated improved outcomes with ACEI therapy in a broad spectrum of CAD patients and may have contributed to the temporal improvement in ACEI therapy we observed. Nonetheless, previous data suggest that knowledge of guidelines and new publications does not necessarily translate into appropriate CAD care. 27 Second, an obvious limitation in choosing a new quality measure for comprehensive care is the absence of outcomes data from prospective randomized studies validating the effectiveness of initiating all 4 drugs simultaneously during hospitalization. However, such a study would be methodologically difficult and ethically untenable, given current practice guidelines. 2 Third, our study did not assess clinical outcomes or long-term adherence associated with our intervention, as the AHA GWTG program itself focuses only on the surrogate marker of medication use at the time of discharge from the hospital. These valid surrogates, however, seem reasonable given their proven life-saving benefits in randomized clinical trials, their emphasis in Joint Commission standards, and more recently, the mortality reductions associated with implementation of a similar qualityimprovement program (GAP) in Michigan. 28 nn
Conclusions
We observed marked improvements in comprehensive pharmacologic care among vulnerable CAD patients after initiating an intervention based on the AHA GWTG program. Our findings may prompt other safety-net hospitals with limited resources to consider a CAD quality-improvement program. Vulnerable patients have a high risk of medication noncompliance and a tendency to rely on inpatient services. 29 Therefore, the impact of inpatient quality-improvement programs may be greatest in vulnerable populations, since prescribing drugs at the time of discharge is one of the strongest predictors of outpatient adherence. 30 It has been projected that optimal use of all evidence-based drugs has the potential to save 80,000 lives in the United States. 31 We suggest that using a more comprehensive quality measure for CAD care provides a template to improve outcomes, even among vulnerable patients.
